Objective. To determine the association between 25-hydroxyvitamin D [25(OH)D] serum concentrations and healthrelated quality of life (HRQoL) among patients with low vitamin D levels.
INTRODUCTION
Vitamin D is produced in the skin during sun exposure. Season, latitude, time of day, skin pigmentation, aging and sunscreen use all influence the cutaneous production of vitamin D3. 1 For most inherently medium to dark-skinned ethnic groups like Filipinos, a half-hour under the tropical sun produces 20,000 to 30,000 IU vitamin D within 24 hours of exposure. 2 However, despite having year-round sunshine in the Philippines, there are plenty of Vitamin D deficient patients with different symptoms and presentations at diagnosis. In December 2010, Vitamin D deficiency was flagged as a major health concern in South Asia. 3 Vitamin D deficient patients may present with muscle aches, unexplained weakness, bone pains and psychological disturbances which may suggest other diseases (fibromyalgia, chronic fatigue, age-related weakness, or even depression) due to the nonspecific nature of its symptoms. 4 Because of this, patients are subjected to a multiple diagnostic exams to determine the cause of symptoms that may be debilitating enough to affect the patient's daily life. Moreover, low levels of vitamin D are also linked to other conditions including increased risk of fracture, abnormal bone metabolism, diabetes mellitus, asthma and susceptibility to infections. 5 The Endocrine Society Clinical Practice Guideline (CPG) released in July 2011 6 recommends using the serum circulating 25(OH)D level, measured by a reliable assay, to evaluate vitamin D status. The Institute of Medicine (IOM) committee has determined that the level of 25(OH)D that is needed for good bone health for most individuals is 20 ng/ml. However, several sources say that this cut-off is too low. The aforesaid CPG reported that a 25(OH)D equal to or less than 20 ng/ml is considered as Vitamin D Deficiency while a 25(OH)D level of 21 to 29 ng/ml is considered as Vitamin D insufficiency and provided recommendations for its management.
The wide range of manifestations of Vitamin D deficiency and the financial burden of multiple diagnostic examinations for nonspecific signs and symptoms could potentially affect the quality of the patients' lives. To date, there is a dearth of published studies along this line in the foreign, and more so, in the local setting, hence the impetus for this study which has the following objectives:
1. To determine the association between 25(OH)D serum concentrations and health-related quality of life (HRQoL) among patients with low vitamin D.
2. Specifically, this study compared the baseline HRQoL of patients with different Vitamin D levels.
METHODOLOGY

Study design
The investigation was a prospective cohort study. Patients who had cancer, uncontrolled hypertension, congestive heart failure, chronic kidney disease requiring dialysis, poorly controlled diabetes, chronic lung disease, those who had hyperphosphatemia, and/or hypercalcemia, who were bedridden, with known psychiatric illness, or who needed assistance in everyday living were excluded in the study.
Participants
Qualified patients who agreed to participate were asked to sign a written informed consent form.
Sample size
Using a 95% CI for the proportion of eligible patients who will complete the assessment form, with a margin of error (ME) of 0.05 and an estimated completion rate of 75%, the required sample for this study was at least 75 patients.
Measures
Serum 25(OH)D concentrations were analyzed using Electro-chemiluminescence binding assay (ECLIA) (Cobas, Roche). Results are determined via an instrument-specific calibration curve which is generated by 2-point calibration and a calibration master curve provided via the reagent barcode.
To measure HRQoL, the Functional Assessment of NonLife Threatening Conditions (FANLTC) questionnaire from the Functional Assessment of Chronic Illness Therapy (FACIT) measurement system, a collection of validated HRQoL questionnaires targeted to the management of different types of illnesses, was used. 7 The FANLTC has also been used in other studies (e.g. involving patients who underwent bilateral breast reduction surgery, 8 Response categories for the foregoing items consisted of the following: not at all, a little bit, somewhat, quite a bit, and very much, referring to how often they have experienced the statements in the questionnaire 7 days prior to answering. For positively stated items, the said response categories yielded scores of 4, 3, 2, 1, and 0, respectively. For negatively stated items, the scores were reversed. Answers to individual items per subscale were summed after performing the necessary reversals. The sum of the item scores were then multiplied by the number of items in the subscale, then divided by the number of items answered. This produced the subscale score. The subscale scores were then added to derive the total FANLTC score. Higher scores meant better HRQoL. 9 The subjects were asked to answer the same questionnaire twice-at baseline and after 8 weeks of vitamin D supplementation. The questionnaire took 10 minutes to answer.
FACIT provided the validated questionnaire in English version as well as the translated version in Filipino.
Data analysis
Mean + standard deviation, median (interquartile range) and count (percentage,_%) were computed for normal, non-normal, and categorical data, respectively. ShapiroWilk's test for normality was employed. A p-value less than 0.05 was considered significant. All statistical computations were performed using Stata/IC 13.
RESULTS
Out of 94 patients screened for eligibility, 82 patients were initially included but only 76 patients completed the study. Baseline demographics showed predominance of females (71% vs. 29% Out of the 62 patients who were Vitamin D deficient at baseline, 46 (74%) had sufficient Vitamin D levels after supplementation, 13 (21%) improved from deficient to insufficient, while 3 (4.8%) remained deficient. The 14 patients who had insufficient Vitamin D at baseline had sufficient Vitamin D levels after supplementation. [ Table  2 ] The HRQoL of the study participants who were Vitamin D deficient and insufficient at baseline were basically the same (p-values > 0.05) except for their social/family wellbeing where a slightly higher median score was noted for those who were Vitamin D insufficient as compared to those who were Vitamin D deficient (15 vs. 13, p=0.031).
All the median / mean HRQoL subscale and total scores were below half of the maximum score except for the median for social/family well-being, which was slightly above 14 [ Table 3 ].
After supplementation, the personal well-being and overall HRQoL of the study participants who were Vitamin D sufficient were significantly higher than those who were Vitamin D deficient or insufficient (p-values < 0.05). The social/family well-being, emotional well-being, and functional well-being of both groups were approximately the same (p-values > 0.05) [ Table 4 ].
Moreover, after supplementation, all the HRQoL subscale scores as well as the total HRQoL scores of the study participants were significantly higher than their baseline HRQoL scores (p-values < 0.05). [ Table 5 ]
DISCUSSION
This study examined the association between Vitamin D level and HRQoL. Data obtained at the start of the study showed that patients with Vitamin D level less than 30 
CONCLUSION
The improved HRQoL scores after Vitamin D supplementation showed that there is a significant association between 25(OH)D serum concentrations and HRQoL among patients with low vitamin D.
